Abstract We developed a modified purse seine to sample shallow water estuarine habitats and evaluated the efficacy of using this gear as a tool for monitoring estuarine fish populations in Tampa Bay, Florida. The purse seine (183-m long, 5.2 m deep and 50-mm stretch mesh nylon throughout) was easily deployed and retrieved by a 7 m flat-bottomed, bow-driven boat with a hydraulic wench and aluminum pursing davit. Retention rates of pinfish (Lagodon rhomboides) marked and released into 35 net sets averaged 49% (range 9-100%). Retention rates were not significantly influenced by sets over vegetated and unvegetated bottom types, various water depths from 1-3.3m and sets with and without bycatch. We then used the modified purse seine to sample fishes at 550 randomly selected sites in Tampa Bay from January 1997 to December 1998. Sampled habitats ranged from 1.0 to 3.3 m deep and included seagrass beds and non-vegetated sand or mud bottoms. Benthic, demersal, and pelagic fishes were captured, indicating the purse seine effectively sampled the entire water column. A wide size range of fishes was collected including pre-recruitment sizes of several economically important species. The ability of purse seines io fish independent of adjacent shorelines allowed us to sample nearshore waters that included large expanses of sea grass meadow.
INTRODUCTION
Purse seines have been used for centuries to capture pelagic fishes in subsistence fisheries throughout the world (Ben-Yami 1994) . During the 20th century, purse seines revolutionized several important commercial fisheries in the United States, including Pacific tuna and Atlantic menhaden fisheries (McNeely 1961 , June 1972 , Schaaf and Huntsman 1972 . In the Gulf of Mexico, purse seines are used in the Gulf menhaden fishery, which reports an average of 560,500 metric tons landed per year (Smith et al. 2002) , and the Florida baitfish fishery, which supports a multimillion dollar industry in Florida (Pierce and Mahmoudi 2001) .
Though widely used in commercial fisheries, purse seines have been used by scientists conducting fisheries-independent studies only when traditional sampling gears were inadequate for the researchers' needs. Hunter et al. (1966) used a 'miniature' purse seine to collect juvenile pelagic fishes that congregated beneath floating material at sea. Levi ( 1981) developed a two-boat purse seine to collect menhaden for mark and recapture experiments. Both authors found the purse seine to be suitable as a collection gear and commented on its potential in fisheries science. Despite these uses and Kjelson and Colby's (1977) specific suggestion that purse seines be developed for monitoring estuarine fish populations, our study in Tampa Bay, Florida, documents the first known use of a purse seine in a multispecies fisheries-independent study with a random-sampling design.
Florida's Fisheries-Independent Monitoring (FIM) program monitors the relative abundance of fish stocks in seven estuaries around the state including Tampa Bay. Gear used by the FIM program includes smallmesh seines to sample juvenile fishes recruiting to shallow waters and trawls designed to capture these juveniles in the deeper parts of the estuary (Nelson 1998) . Large haul seines are used to collect large-juvenile and adult fishes and have proven to be effective for this purpose (Kupschus and Tremain 2001) ; however, this gear is restricted to use along shoreline habitats. Our interest was to expand our sampling of large fishes (> 75 mm) to include areas away from the shoreline in Tampa Bay. The ability · of purse seines to sample the entire water column, and to fish areas away from the shoreline, made it a promising gear for this purpose.
Tampa Bay is a shallow estuary with a modal depth of 3 m and a shallow shelf along the periphery that varies in width from 500 m to 1,200 m ( Lewis and Estevez 1988) . Much of this nearshore estuarine environment includes expansive seagrass meadows. Seagrasses are known to influence the abundance and diversity of ichthyofauna in Florida estuaries and are well docu-· mented as critical habitat for many fish species (Stoner 1983 , Compand Seaman 1985 , Sogard et al. 1989 ), but historically have been under-sampled by our program. The purpose of this study was to: 1) design a purse seine and vessel suitable for fishing estuarine waters to 3.3 m deep; and 2) evaluate the efficacy of using this gear through gear retention experiments and random sampling as part of the FIM program's objectives to monitor large-juvenile and adult fish populations in Tampa Bay, Florida.
MATERIALS AND METHODS

Gear description
The 183 m purse seine used in this study was a scaled-down version of commercial purse seines used in Florida's baitfish industry. The body (wing) of the net was constructed of 50 mm stretch mesh knotless #242 nylon twine and was 5.2 m deep. Football floats (Os2) were spaced every 61 em and pipe leads were spaced every 30 em along the body of the net. The bunt end (bag) was 16m long x 7 m deep and constructed of 50 mm knotted #15 nylon. Floats were positioned more tightly together along the bag of the net to minimize escapement during net retrieval. Stainless · steel alpine clips (1 0 em long) were used for purse rings and were attached to the lead line of the net with lengths ( 45-63.5 em) of 10 mm polypropylene line. Purse rings were spaced 3.1 m apart on the wing and 1.5 m apart on the bag. The purse line was a single length (250m) of 10 mm low-stretch nylon yacht braid.
Vessel Description
The vessel used in this study was a 7 m mullet skiff; a flat-bottomed, bow-driven boat capable of running in shallow water ( < 1 m). The skiff had a large, open netwell that allowed the purse seine to be deployed quickly from the stern. We modified the mullet skiff by installing a hydraulic system and an aluminum pursing-davit (Figure 1) . A 40-L hydraulic system was driven by an 8-hp engine coupled to a gear pump that created 72.5 KPa (500 psi) at 2,500 revolutions p~r minute. Attached to the pursing-davit were a capstan and net roller used to retrieve the net. A dual-circuit hydraulic valve was used to control the capstan and the net roller independently. The capstan was 15 em in diameter, turned at 75 revolutions per minute and retrieved the purse line at a rate of approximately 11 m per minute. A 14 mm stainless steel rod (ring bar) held the purse rings in position, and a 45 kg tom weight kept the purse line on the bottom while the net was being pursed. The cost of net construction, purse rings, tom weight and purse line was about US$12,000 and vessel modifications including aluminum davit and hydraulic components cost an additional US$2,500.
Deployment of the purse seine was similar to that described by Ben-Yami (1994 ) . In estuarine conditions where tidal currents affected the set, we standardized the shape of the set to an oval pattern to minimize the amount of net set across the current (Figure 2 ). An average set sampled ca. 2,210 m 2 and required 25 minutes to deploy and retrieve the gear. 9 Figure 1 . Mullet skiff and equipment used to convert the skiff to a purse seiner. 1 =mullet skiff, 2 =ring bar, 3 =tom weight, 4 =hydraulic motor, 5 =capstan, 6 =blocks, 7 =net roller, 8 =outboard engine, 9 =dual-circuit hydraulic valve, 10 = 8 hp gas engine w/coupled hydraulic gear pump, 11 = 40-L hydraulic tank. 
Gear Retention
We designed an experiment to estimate purse seine gear retention using mark and recapture techniques. We conducted the experiment in lower Tampa Bay in an area with expansive seagrass meadows and unvegetated sand/silt bottom. Sets were stratified by water depth (i.e., < 1.6 m or 1.6-3.3 m). Finfish (Lagodon rhomboides), the most abundant species available during gear testing trials, were used for the experiment. Experimental animals were collected, measured (SL, mm), marked by clipping a portion of the anal fin, and held in the net well of a second (release) boat until approximately 60 fish were collected for an experimental set. Only pinfish in good condition and;::: 105 mm SL and 45 mm body depth ( 42 mm was the inside dimension of the 50 mm stretch-mesh knotless nylon twine, as measured on a wet net using digital calipers) were used in the experiment to avoid effects of mesh selectivity on retention estimates.
Marked fish were released throughout the area encircled by the net once the wing and bag end were together and the tom weight was on the bottom. The net was then pursed and all fish collected. Captured fish were measured and checked for fin clips (marks). The number of recaptured fish was recorded for use in retention estimates.
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Mean retention rate and associated variance was calculated using the ratio estimator described by CharlesDominique (1989) . We assumed that marked and unmarked fish were equally capable of escaping during the retrieval process. Retention rate estimates were subjected to normality tests (Shapiro-Wilks test : Zar 1996) which indicated a normal distribution. The Student's two-sample t-test was then used to test retention rate differences between vegetated and unvegetated bottom types, presence or absence of bycatch, quantity of bycatch (0-38 L vs > 38 L), and water depth ( < 1.6 m vs . 1.6-3.3 m).
Random Sampling
After thoroughly field testing the modified purse seine, we incorporated it into the FIM program's Tampa Bay random-sampling design beginning in January 1997 . Sampling locations were randomly selected each month from all possible sites in Tampa Bay < 3.3 m in water depth. Sampling effort was distributed evenly throughout the available sampling area in Tampa Bay. At each sample location, we , recorded environmental variables such as water depth, bottom type, by-catch type and quantity, and abiotic variables (i.e., temperature (°C), salinity (%o), dissolved oxygen (mg/ml), and pH).
Captured fishes were identified in the field to the lowest practical taxon and enumerated. At least 20 randomly selected individuals of each species collected in each sample were measured to the nearest millimeter standard length (SL). Length statistics were generated for all species and density estimates calculated for species where more than 100 individuals were collected. Length-frequency histograms were plotted for four commonly collected species of economic importance. Density estimates (Number of fish/1000 m 2 ) and Shannon-Wiener diversity (H') estimates were calculated for each set and their distributions tested for normality. Due to significant departures from normality , the Wilcoxon rank-sum test was used to compare density and diversity estimates between sets over vegetated and unvegetated bottom types.
RESULTS
Gear Retention
A total of 2,015 pinfish were marked and used in thirty-five replicate gear-retention trials. The trial's mean retention rate was 49% and ranged from 9% to 100%, with a coefficient of variation (CV) of 45%. Retention rates were not significantly different between sets over vegetated and unvegetated bottom types or sets in shallow ( < 1.6 m) and deep water (1.6-3.3 m). Retention rates were also not affected by presence or quantity of bycatch (Table 1) .
Random Sampling
The purse seine was deployed in shallow-water ( < 3.3 m) habitat types, including seagrass flats and sand and mud bottoms, throughout Tampa Bay, Florida. Most sets took place more than 100m from an adjacent shoreline, and less than 20% of the sets occurred over seagrass (vegetated: n = 93, unvegetated: n = 457). Typically, five net sets were completed in a sampling day. Mean set time, including sample processing, was 45 minutes and varied with size of the catch.
In 550 purse seine sets, 54,082 individuals representing 84 fish species were collected, ranging in size from 25 mm to more than 1,000 mm SL (Table 2, Figure  3 ). The purse seine catch included both juvenile and adult fishes. Demersal (n = 34), pelagic (n = 34), and benthic species (n = 16) comprised 52%, 45%, and 3% of the total catch, respectively. Density and diversity estimates were significantly higher (density P < 0.001; diversity P = 0.048) in sets over vegetated bottom types (Figure 4) .
The purse seine catch was dominated by pinfish, which were collected in 48% of the hauls and made up 25% of the total catch. Clupeids, including Opisthonema oglinum (threadfin herring), Brevoortia spp. (menhaden), and Harengula jaguana (scaled sardine), composed 25% of the total catch. Sciaenids, including Bairdiella chrysoura (silver perch), Leiostomus xanthurus (spot), Menticirrhus americanus (southern kingfish), Cynoscion arenarius (silver seatrout), and Cynoscion nebulosus (spotted seatrout), composed an additional 13% of the total catch. Many of the species (n = 27) collected were of economic importance, composing about 20% of the total catch (Table 2 ). The most abundant economically important species in the catch were Elops saurus (ladyfish), spot, silver seatrout, spotted seatrout, Paralichthys albigutta (southern flounder), and southern kingfish. Length-frequency distributions for several economically important fish species included modal sizes reflecting cohorts of pre-fishery recruits ( Figure 5) . DISCUSSION We developed, tested, and implemented a modified purse seine for sampling estuarine fish populations in Tampa Bay, Florida. We found that the purse seine could be consistently set in a variety of estuarine habitat types and that the sample area was easily standardized and quantified. The purse seine is an active gear, and the dimensions and design of the net characterize how and where it may be fished. Our net was designed to sample the entire water column in depths of 1-3.3 m. The maximum depth fished by this type of purse seine is simply limited by the depth of the webbing used. The maximum depth for our net was selected based upon the topography of Tampa Bay (modal depth=,.., 3 m) and our desire to sample deep seagrass beds, previously under-sampled with other gear types used by our program. Seagrass beds are critical habitat for many fish species (Comp and Seaman 1985 , Sogard et al. 1989 , Rozas and Odum 1988 . Standard Length (mm) Figure 3 . Overall length-frequency distributions (SL mm, all species combined) offish captured in small seines (1989-1997 seasonal), trawls (1989-1997 seasonal) , purse seines (1997-1998, current study), and gillnets (1989-1995 seasonal, nighttime) collections conducted by the FIM program in Tampa Bay, Florida. 
Grass Nongrass Grass Nongrass Bottom type Bottom Type The purse seine provided valuable data on the diverse fish communities inhabiting nearshore environments of Tampa Bay. We collected a variety of fish species and a wide size range using the purse seine. The design of the gear allowed us to collect benthic (e.g., southern flounder, Dasyatis sabina [atlantic stingray]), demersal (e.g., pinfish, silver perch), and pelagic (e.g., menhaden, scaled sardine) fish species. Pre-recruitment size classes for several species of recreational or commercial importance were represented. Collections of economically important species (e.g., ladyfish, spot, spotted seatrout, silver seatrout), provided us with lifehistory data later used to develop age-length keys for ongoing fisheries management purposes ( Table 2) .
The FIM program's previous attempts to characterize large-juvenile and adult fish populations associated with Tampa Bay's nearshore estuarine environments included the use of 6.1 m otter trawls and multi-panel gillnets (2" to 6" stretched mesh). These types of gear were decidedly unproductive for this purpose (McMichael 1995) . Trawls sampled only near the bottom and rarely captured fishes greater than 75 mm in SL (Figures 3 and 5) , while gillnet effectiveness relied on nighttime sampling and extended soak-times (ca. 1.5 hours not including time for retrieval and sample work up) that reduced the number of samples that could be collected in a given sampling trip. Further, gillnet selectivity and their use as a passive gear, limits their effectiveness for multi-species surveys (Rozas and Minella 1997) .
Our aim in developing the purse seine was to complement the catch of seines and trawls by collecting 68 fish greater than 75 mm SL. Length frequency distributions showed that purse seine samples contained the highest proportion of fishes between 100 mm and 200 mm SL (Figure 3 ). This size class of fishes was dominated by pinfish, small coastal pelagics (e.g., scaled sardine, threadfin herring), and other species that are important trophic links between primary producers and a variety ofpiscivorous fish species (Seaman and Collins 1983 , Sogard et al. 1989 , Pierce and Mahmoudi 2001 .
Raw catch data can be inaccurate without estimates of gear efficiency (Kjelson and Colby 1977) . Since either escapement or avoidance can affect efficiency of a gear, retention estimates are an important part of understanding the overall effectiveness of a fishing gear. A voidance estimates were beyond the scope of our study; however, estimating the rate at which a gear type retains fish can be used as an upper estimate of the efficiency of a gear (Charles-Dominique 1989) . Variability in retention rates in our study was consistent across several comparison groups (bottom type, water depth, and bycatch) suggesting purse seine efficiency was stable over a variety of estuarine conditions.
Purse seine retention rates and variability in our study were similar to many other types of gear that are routinely used in fisheries science. Kjelson and Johnson ( 197 4) reported retention rates ranging from 10% to 60% for a large offshore pull-through seine, and CharlesDominique (1989) estimated retention rates for their purse seine at between 10% and 79% using techniques similar to those employed in our study. Kjelson and Colby ( 1977) reported gear-efficiency estimates (which Purse seines 
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Figure 5. Length-frequency distributions (SL mm) offour species of economic importance collected using trawls (1989-1997 seasonal) , purse seines (1997-1998, current study), and gillnets (1989-1995 seasonal, nighttime) by the FIM program in Tampa Bay, Florida.
included avoidance estimates) for a variety of sampling gears (i.e., plankton net, beam trawl, portable drop net, haul seines, and otter trawls) that ranged from 5% to 80%, and similar variability in gear-efficiency estimates have been reported by other authors as well (Weinstein and Davis 1980, Parsley et al. 1989 ). Rozas and Minella (1997) recommended enclosure gears, including purse seines, for sampling shallow estuarine waters due to their generally higher catch efficiency and ease in quantification of the sample area; however, purse seines were not recommended for use over seagrass. In contrast, our purse seine performed reliably well over vegetated bottom types and provided important information on fish species utilizing these critical habitats.
In conclusion, the use of a purse seine has enabled our program to obtain quantitative information on large juveniles and adults of benthic, demersal, and pelagic fishes inhabiting estuarine waters of Tampa Bay, Florida. This gear allowed our program to adequately sample a variety of estuarine habitats in which previous attempts using trawls and gillnets had been less successful. Gearefficiency estimates for our purse seine based on retention-rate experiments were comparable with those of other types of sampling gear typically used in fisheries science, and the purse seine was durable enough for standard field use. The purse seine had limitations, as do other gear types. It was susceptible to strong tidal currents and winds, which caused the lead line to roll, twisting the purse line and rings into the webbing. Further, the gear could not be fished properly in areas with obstructions or hard bottom, that snagged the net or purse line. Finally, the initial costs associated with building a purse seine, and the vessel to work the gear, were considerable (about US$15,000).
Future studies will concentrate on the versatility of the purse seine as a sampling tool in other Florida estuaries and comparisons with the catch of large haul seines used along shoreline habitats, providing more information on the benefit of this gear type as an ecological fish-monitoring tool.
